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FRAKEFRARTEHBAEHEL T TIRARRUARER SN, SEIR, VB 47
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Changes of Root Architecture and Phosphorus Uptake by Roots of Malus
hupehensis (Pamp) Rehd. under the Condition of Phosphorus-deficiency

FAN Wei-guo, YANG Hong-qiang”* , and HAN Xiao-jiao

(College of Horticulture Science and Engineering, State Key Laboratory of Crop Biology, Shandong Agricultural University,
Tai’an, Shandong 271018, China)

Abstract: To probe into the adaptive mechanism of apple to phosphorus deficiency, a systematic study
was made, using Malus hupehensis (Pamp) Rehd. as materials and by means of water-culture approach,
about the dynamic changes of uptake of phosphorus by roots and root architecture parameters of M. hupehensis
Rehd. under the condition of P-deficiency and re-supplied P. Results revealed that the greatest rate of absorp-
tion (I ) of M. hupehensis Rehd. young seedling in P-deficiency nutrient solution was constantly higher than
that of M. hupehensis Rehd. young seedling in full Hoagland solution, and tended to be relatively stable in
120 h; Michaelis constant (K_) went up during O — 12 h, but obviously decreased between 72 h to 120 h. In
contrast , the effect of root system on the phosphorus transport efficiency was not remarkable, but the phosphor-
us affinity decreased and gradually returned to normal from 12 h to 120 h when the plants cultivated in P-defi-
ciency solution were transplanted into and stayed in the full Hoagland solution. In addition, the lengths of pri-
mary lateral roots in P-deficiency solution were shorter than that of primary lateral roots in full Hoagland solu-
tion on the 11th day, and obviously increased from 17th day to 26th day. The results demonstrated that the ad-
aptation of M. hupehensis Rehd. to the condition of phosphorus-deficiency was realized by the changes of pa-
rameters of P uptake kinetics during a short time and by the changes of root architecture during a long time.
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ERMRRY, R THYEBRBINREFSRERENE, 8T 8 AN REEZER
R AMGBCE R ET EHCHE MR, IMEBHAT/NE . KRR, . XEEEYHRREES
BHEBRBBREREWBEE (HENI, 2000; Z4tx %, 2000; BMEHF %, 2003), FHREE
HAARR, EFZHTHEHABART/AREREY, FRRBEFIAMRNAEN, E4RLMR
Ho BTRESIH¥SH (K, Ml L,) RBEE RPN EMEFHRBGLE (Lee, 1982), Af]
MEFRGTRBMOEE FRKSH N EBHT T AR (BIRE %, 1995; FAEMDRE,
2001), YRt HEFREETRBINFHMRER (BHELR %, 2003), EERBLNGTRM
W I SRR AERE . AR P LGS 5 — AR ——F B A R AR X B
R, BB RIS A SIS RS, R E B TR AR

1 MRS IE

HEHHAERRY . BBHER, KEEA—BW 1400 8k (6 ~7 Fit) SEEFZE [ Malus hupe-
hensis (Pamp) Rehd. ] 4h,

BRBEFE SR AN A & B8R Hoagland B3, S (KERMBMHE, 2003) Fmfl. 4%k
Hoagland B3 (& H,PO,” 1 mmol « L™'; pH 6.5, @2 dA&KIF 1 ) $HIFHEI04dFE, SHEA
it Hoagland B IR FIBRBEE SR (pH 6.5) Fb3 6. 12, 24 72 f1 120 h, AHELEHFS BICHER
(EWE, 1995; B4R %5, 1995; FAEMAME, 2001; 3t %, 2003) MEHRK %S
B, MESEUM (ERE, 1995) RE&RAR, BEBRIKENO0. 0.1, 0.2, 0.3, 0.4,
0.45. 0.5, 0.6 mmol - L', SN2 Bk, B MEHEES 3 K.

B EEME BB E R TUESR 30 d WAIRIFR AT L2ERE (pH6.5) PiEF—EMEE,
T 2 B W 3 15 B4

MMETE (KERAESE, 2003) MEBRTHEE.

FFAC=FEENEM (TTC) EJEE: (RERMBMEE, 2003) WERRES

Y2 EFBRARBEE B P IEFRE 8 Ktth, SR2 d HREAEMNRAERMKE, S8
HE 3K

B4 iR 5 B4 29 Microsoft Office Excel 2003 #4777 24340 .

2 RS0

2.1 HRARBRUC IR ERBE RIS R

LERAESHEETHRN (BTHEEBHBFEEHE) PR, FEMALEERPELIE 12 h,
MABBRATWER L AVERS TELEFRBRLE (B 1), L EOFE, BEnEEsReAE HeE
FEMRYHRAURBFZZHEABRE ., RPEHE 24 ~120 h, 1 EHKERBERT 12 h I, EIEH
SRR, SRR — MR E R ZE, XU FE R4 R R R E T B & EAkR AL
(BB H BFE ) M ERBENEZE A E B

K, HERBHZRARBEHNEFRRMEES. B 1 ETFY, SE2EFBEEML, KBt
H12h, REBRBOKKREH K, EHBRR, IRUVENFIRE2SBEHERBESBERMAT
R, HR2, BBb® 24 hpifa, K, ASZELEFRBPBFROMEMHEE, 2 h FHE TR, HHAEE
g PR, TR BEHUE N B, RABRERBA SRR R ARG,

REFERH, RBEFRBEPEROFEMERRES, 2~TdHEBER (D). REENS
RARKRURE AR, X#t—HRW, PRI R EE BRI R RURE &L ST
%o
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Fig. 1 Changes of P uptake kinetic parameters under the condition of P-deficiency
F1 BEBXEBHFVRRETNERM
Table 1 Effect of P-deficiency on root activity (mg-g='-h"")
hhE 3% FE 0] Time of cultivation(d)
Treatment 2 5 7
5% I W P-deficiency Hoagland solution 40.38 £5.97* 43.26 £4.54* 54.18 +5.88 "
564> #+ ¥ Full Hoagland solution 30.47 £3.56 32.55 +4.83 37.48 £4.57

E: RPRELETEMT, *» XK a=005, ZREE,

Note: In table, the data are analyzed by variance. * represents o =0. 05, significant difference.

2.2 frEREHXTEHFRRBRUAIRIE '

mE2 B, AREB6 h i, FEMFYHHRREABRRICGER [ AVBRES, BB 12~
120 h #i1e), L fERAR TR, 5—EESBETEFOLEME. 286 h it [ KEE, THE
M RRAREIRI RN . T E T ARE I B 0E TR BIR A2 R ME N RS, 8k
B PR A BENFZ A (BT EARBESHEHER) exBmRkr (B1), AKREEE (12
~120 h), BB AR BREREA RPN, Mk S5T2ERBML, TERBE BB
3% 30 d HIBREE ASE BRI, 24 h PR RXTBEAT MR PR P28 ) (L. B8R

B 250 B8, EBYE 6 ~120 h B K, ERE. HAEBHE, FHETROBRRERE, &
BB B PIE SR O E EMME (30 d BT ERBECEK K, B EEFRRLEK/DN) M TFHBHED
REE, UETRASHOEMN TR, HEHKEBEFRS (K, H0.2~0.5 nmol - L),

0.6 -

0.5 r

(nmol-s*-g")

I

0.1

0

0.4 |

03

0.2 +

O & B 478 Re-supplied P
2§k b3 P-deficiency

05 r

0.4 -

K (nmol'L?)

'm
=4
S}

hb38AT R Treatment time (h)

H2 EMEREABMRKHFESHEN
Fig. 2 Changes of P uptake kinetic parameters after re-supplied P
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2.3 FEHFRAESHNFERBNNSRE

MR, BEMKERMRFEMMORMENEESR., mR2 B, FEMENEERET
BEHRERER 11 XM 14 Xit, H—SRERE . KEM_SURKESRTELERBLE (X
H) By, HPE 11 XA — R MR KE B ER TR, gbbs 17 ~26 d Bf, —RIBKE. %
FUL—HMRBRMKESBELRELS, BR-FURMBKAKEBMR, X0 RIS
AR T 8 B A B R R O AR — AR K B A

R2 EBSHFHHARMB ST RBRBHDER K
Table 2 The dynamic reactions of root architecture parameters of Malus hupehensis {Pamp) Rehd. young seedling to P-deficiency

LT TR — R M ( Primary lateral root) TR (Secondary lateral root)
Treatment  AE ¥t P W Density ik K
time(d) Number Length(cm) ( Number + cm~") Number Length(cm)
8 5RB% 5B IF K P-deficiency Hoagland solution 3.88 +1.89 0.39 +0. 12 0.52 £0.11 2.75 £0.96 0.25 £0. 12
SE2EFE M Full Hoagland solution 3.67+1.24 0.44 £0.11 0.47 £0.21 1.89 +0. 89 0.24 £0.06
11 B E I P-deficiency Hoagland solution 5.43 £2.37 0.57+0.17* 0.790.23 2.73£0.89  0.26 +0.07
SE 4B FF W Full Hoagland solution 4.83+1.94 0.76 £0.26 0.91 £0.32 2.56 £0. 58 0.30+0.03
14 k% B IF 7 P-deficiency Hoagland solution 6.92 £2.11 (.78 £0.22 1.02 £0.42 3.23£1.10 0.20 £0.05
SE4 B IF M Full Hoagland solution 6.71 £2.07 0.95+0.33 1.18 +£0. 45 5.67 £1.53 0.25+£0.09
17 5845 IF 7 P-deficiency Hoagland solution 6.80 £1.81 1.02+0.31* 0.92 +0.33 5.52 £1.60 0.41 £0.11
SE 4 B FF MK Full Hoagland solution 6.75 +£2.00 0.81 £0.22 0.88 +0.26 6.00£2.22 0.37 £0.06
20 5B%Z FF WK P-deficiency Hoagland solution 6.27 £1.79 1.38 £0.43** 0.82£0.32 8.21 £1.53 0.39+0.10
5E 4> B FF i Full Hoagland solution 6.35+1.64 1.04 £0.25 0.86 £0. 33 7.13£3.36 0.52+0.14
26 5845 I I P-deficiency Hoagland solution 7.46 £2.11 2.10+0.77** 1.09 £0.54 9.38 4. 14 0.56 £0.13
524 FF & Full Hoagland solution 6.00+£1.29 1.84+0.41 0.96 £0. 44 9.75 £5.50 0.49 £0.12

E: RPBAELT RN, FRE, SRAE, + X5 a=0.05, ZREE; *+ »RXFa=001, ZREEE,
Note: The data are analyzed by variance. #* represents a =0.05, significant difference; * * represents a =0. 01, extremely significant
difference.

3 it
3.1 BB REERE SRS
BARRERSRENREN N BRAEMER A RE R, BT, FRTE TR

WEIMARIR B THRMARENE THRWSI N ES ., (REEERER) | K, CKKRHE
BO REFEX L SHRBEE, IXXRMBREIEEREEL.
FEMBERRERIFRR AR (NT2EFRBHBIBRBEN B S0 RS B &
BFRBT) B, RABRZIAREFMNAGS)E, EERE (6 h) NI MK, ENRERR, Xl
WA - B A S 7T LA SO AR 2R o A B B S5 0 ) MR AR A T o A B 35 Rl A e A8 4 8 1z R
#, JFREpMER AR, B AEEE, MR EFRTEREEN . FERRTEREE K d 2
MR AR, MEEEREIMHIBEANEGR, BRE—ENE, REE24hE L MENEE, £UAR
AT R B R AR AL R S R A . BRI SRR b Ha R B B R OB R Eh NS R R
(B ERR) HBHt ANB TR R AR IIEE (PR &, 2004) . HEIC AR
BRI EEEEEMABREFEEOER  ph2, phtl, HAENRARZE LR, B
B REES RS, BHRENRXEFHE L LB RREMRERE. DETRITERRNBEZ
BB TaPT8 I TaPHT2; 1, RS TRHABER R AEKRBUWEE (KBS %, 2004), 12 RQRT-
PCR /37 % B TaPT8 MR P REZBIVRE R, SESRNLRPRU P S- . HAPRIROIT 2
PR R, B THR R ERBEAE P AR R PR BE 1, 72 h BRK—BREN, L AKS
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ATXE, K, ERARKRTE, UREERNBRRES (X)), GERERBITX—&, LR EAEEED
BB PR TRLMER (BIERTIL) .
3.2 FEMFIHEKPERBERE KL

KIEgRnt, A SPEIERFKFHOEHEN AR, mBEARERNERS, ERFEENE
B, M EARBRIRA B R AR AR R ARAL . XIS P BRATORERE), BrBiabTE 24 h 3 Al W22 U UR S A0 AL,
07 ~8 d oA B B ARKREAIHN, SAFSEEDE 24 h I AR SRR AR, -G
WBIA ZEAEER . 56 8 ~ 14 RAAMRMIARE R4 B HORE, ATREX B BORi AR R F Bk 1740
AR R ST, BRI R ATBRREG SR L. W 17 X, BB AL
KEFEMRE — MR, RWERALEMI R ARt 2 9 GRph X R B A= Al
W RA KA RRHEER (HEEAGEEE, 2007), XERERIXFERHR 5 it
R — e REREAE (b, B TAEBR T 48 8T B & B D a3 R AT A B 3 8 LA i R AR X B IO 7
X, BAEEEXL,

R B B FF TR OBMA B KL (Lopez-Bucio et al. , 2002) o BLIFIF“/INE (2000) F|
A FEEEMSA, WaT/KF EIELRERGRAER SRR REMHEX, ER¥S (2003)
IStk B, KA PRERECERERERE, BABRKIRKSERHRRER, (KB AR HR
AR, KBREE TRRKMERHRERAN S TEBRCE. EHERGT, BRAGEN BRSO
B, EEFPHANKIIERLENT, MY AR ERESEY N T EERSTD (0B,
B, B 5% BIRIREES, RIKAREYIIRZESENAR S T HF 2 RHER 2R

WA RIS B IR 8 B8 B R R 2 B R R — A Bd 72 (Athikkattuvalasu et al. , 20025
Mudge & Rae, 2002) . 7ERIIT keS| PHR1 2R (Bates & Lynch, 2001), 45 T 5B R b EH
PSR1, R—FMEAVEH, MEREFFEFHORERETREBEEN,

MERAKEER, SBRAREATRSRENEFIEMABRRRETA X, RAEBEBZFRT
WhafEs, #et BRI RRASE, RAEBRMRAER (FEFEMGEE, 2006),

A0SR T () R B, AR XS B SR O3 B S B 2 BT . BRATTE IR R I B AR Y
WK, TERBEIETAERSOd, MAERAFTEERSE, RAVEELD, FHERSILT, HEHR
EREILFRR . XRE K KO AN ZBREEL, AIEEROKE e R ek, MR
fl, AEEX A IEEBEBUR E R N, BT, REF B AR N 18 A AT LA B R s 2 AR (L
HEIE R BB, FAERK I A B AR R A R A A X RS BRBEACEE By, T AR K B A TR
g, XMGERREIMEER . MR BRBREN AR, 7847 L 0 BEAL B F b R RS T
VB, AT e o 1B ) PR o B RE T R R BRAE AR, (HRAE ™ P ARESE ARBUXMIE R, X FE B
RENERREAREIEAE, R —Bagt, MEKNES.
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